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We, Fa*BWHUCE HOECH3T ATKU^GESGX- 

shaft, vormals Meister Lucius & Bruamg, 
a Company recognised by Gwoan Uw, of 
6230 Fraixtcfurt (Main) 80, Postfach 80 03 20, 
Germany, do hereby declare the invention, for 
«bicb we pray due a patent may be granted to 
us, and the method by which h a w be per- 
formed, w be parriculsrly described m and by 
the following statement: — 

The present invention provides polyolenns 
having a high stress cracking resistance, and a 
process fox preparing them. 

The production of bottles, cable sheathings 
and pipes by the process of extrusion of poly- 
ethylene or copolymers of ethylene with one 
or more other monomers requires polymers that 
have a broad molecular weight distribunon, 
since polyoleuns having a narrow molecular 
weight distribution show irregular surfaces on 
extruded articles (melt fracture) st a high 
throughput of die extruder. Trie material to 
be extruded into bottles, pipes and able 
sheathings, must, hnthermore, possess a sum- 
rimr stress craduns; reaisouice. 

It is known that the str ess cracking resistance 
of a polyethylene can be improved by increas- 
ing its mean molecular weight and/or reducing 
ha density. However too great an increase in 
the mean molecular weight is unsuitable,] smcc 
the flow properties of a polymer arc reduced 
vfhea the molecular weight is raised, and fhcre- 
fore the throughput of the extruding machines 
is also reduced When the density is deceased, 
by using instead of polyethylene itself a copoly- 
mer of ethylene with another olefin the 
stress cracking resistance is improved but the 
stiffness, the ultimate tensile strength, the sur- 
face hardness and the softening point arc re- 
duced. I 

It was therefore necessary to frad a process 
for preparing a polyethylene or a copolymer 
of ethylene with one or more other monomers 
which has a high density and a high — " 



cracking resistance and shows an unobjection- 
able surface on an article when extruded at a 
high throughput- It has been proposed to pre- 
pare polymers having particular properties by 
carrying out the rwlynaerizatian in several steps 
under different polymerization enndraans. 

British Patent No. 978,893 discloses a pro- 
cess for preparing polymers having a high im- 
pact strength and a high meltmg tempera- 
ture by polymerizing olefins bating from 2 to 
18 carbon arums, aooording to the Ziegler low- 
pressure-polymerization process, m two steps. 
In the first step, a polyolefin having a rigid 
nature is prepared and in the second step, * 
polymer having a predominantly soft nature 
is obtained. The second process step is pre- 
ferably carried our without controUmg the 
omlecnlar weight* As catalysts suitable for the 
process, there may be mentioned salts of 
dements of gnnrps 4 to 6 of the Periodic 
Table according to Mendeleef, and, as acti- 
vators, mganamcmllic aompounds of the group 
ETS or HTb of the Periodic Table according 
cd Meaddecf. „ _ M „_ 

According to British Parent No. 1,057,728, 
a continuous polymerization of ethylene, pro- 
pylene or bixtene<l) is carried out in the pre- 
tence of a catalyst system consisting of an 
organic cnmpmmd of a metal of mxjups 1 CO 
3 of the Periodic Table and a compound of a 
wmshion metal of groups 4 to 6 or 8 of the 
Periodic Table in an apparatus comprising at 
least two reaction zones. 

In the separate zones, polymers having 
different molecular weights are prepared by 
carrying out me polymerization or co poly- 
merization under dificrem reaction coa&rjoos. 
The differing molecular weights are obtained 
by using different amounts of hydrogen and/or 
different catalyst enncenrratiooj and/or differ- 
ent temperatures, at least two reaction condi- 
tio as having m be changed. 
The polymer mixtures prepared by this 
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polymerization La several zona arc distinguish- 
ed 0 y an improved pracasabiliiy. The 
dteci cannot produced by subsequently mix- 
ing polymers having widely dirtering ??oosu»e>. 
1 ne T process, nowever, has the great drawback 
chat several reaction conduions have to be 
changed during the polymerization. 

The present invention provides a pro- 
cess for the preparation of a homo- 
or co-polymer of ethylene by a gaseous phase 
polymerization, or by a suspension polymeriza- 
tion in which the dispersion medium is m 
contact with a gaseous phase, of ethylene or a 
mixture comprising ethylene and up to 10/ o 
by weight of an tr-olchn that contains from 
3 to 15 carbon atoms, which process comprises 
preparing from 5% «> 30% by weight of 
the total polymer in the presence of from 0>. 
to 10% ox hydrogen, calcuiaied on the total 
volume of the gaseous phase, and preparing 
from 70% to 95% by weight or *e tool 
polymer in the presence of from 20% to 80 /„ 
of hydrogen, calculated on the tool volume of 
the gaseous phase, both stages of the poly- 
merization being carried out at a omsperature 
within the range of 50 C C to UO^C, prefer- 
ably from 70°C to 90'C, and a pressure of up 
to 10 atmospheres gauge, preferably within the 
range of from 2 to 6 atmospheres gauge, and 
in the presence of a catalyst which a jm«t 
in the first stage in an amount sufficient for 
both stages, said catalyst comprising 

a) in the case of a suspension poly men zatioo, 
from 0.QS to 03 millimol per lirre of dis- 
persion medium, or in the case of a poly- 
merizarjon in the gaseous phase, from 
0 05 to 0 J niillimol per 0 J lure of re- 
actor volume, of a rrivalent uranium com- 
pound that contains chlorine, and 

b) from 0.1 to 3,0 milUmols of aluminium 
per lirre of dispersion medium or reactor 
volume, in the form of an aluminium tri- 
alfcyl having me general formula AIR- in 
which each R represents a hydrocarbon 
radical that contains from 4 to 40 carbon 
atoms, or in the form of the reaction 
product of an aluminium tnalfcyl or an 
aluminium aikyl hydride with a dicleno 
that contains from 4 to 20 carbon atoms. 

In the process of the present bvenrioo, the 
following embodiments are preferred: 

(a) from 5% to 30% by weight of the total 
polymer is prepared by «pol>menan2: 
a mixture of ethylene and up to 10 y- by 
weight of the higher ^-olefin at a hydro- 
•en content on the gaseous phase v/rtli- 
m the range of from 0% to lO; ' by 
volume, and from 70% to 95 by 
weight of the total polymer is prepared 
by polymerizing crhylcne alone at a 
hydrogen content in the gaseous phase 
within the range of from 20% to S0V : 
by volume. 

(b) From 5% to 30% by weight of the torsi 
" polymer "is prepared by copolymenzing 



a mixture of ethylene and up io 10% by 
weight of the higher cH>ie6n at a hydro- 
tn content on the gaseous phase with- 
in the range of from 0V to 10% by 
volume, and from 70% to 95% be 
weight of the total polymer is prepared 
by copolymer izing a mixture of ethylene 
and less than 10% by weight of the 
higher w-olefiu at a hydrogen content in 
the gaseous phase within the range of 
from 20% to SO;' by volume, in which 
latter mixture the proportion of the 
higher ft-olefin is less than that in the 
first mixture specified above. 
The polymerization may he carried out as a 
suspension polymerization in an inert disper- 
sion medium, for example, ao aliphauc or 
cydoalipharic hydrocarbon or dicsel oil, or may 
be carried out in the gaseous phase. In die 
former asc the inert dispersion medium should 
not completely fill the reactor. 

The titanium component of the catalyst, for 
example riianmrn trichloride or ucaoium 
allmxy-chloride, is a solid and may be prepared 
bv reducing titanium tetrachloride or, prefer- 
ably, a cbloro-nJUcoxT-titaoatc of the formula 
TifOR'J.-^a, in which « is an integer from 
I to 4 and R' represents a hydrocarbon radiou- 
lnar conoins from 2 to 3 carbon atoms, by 
means of odkyl-dumuiiura sesquichlonde, di- 
alkyl^uminium monochloride, aJurmmum iso- 
prenyl or a mixture thereof in an inert djs- 
pers&s agents at a ttmp^sture within die 
ranged from -60 C C to +70*C, preferably 
from - 30°C to 0°C, and if desired subjecting 
the product ro a thermal treatment at a tem- 
perature within the ronge of from 60°C ro 
150°C and subsequently washing it wren an 
inert dispersing agent. 

When the poi>inerizauon is earned out in 
the gaseous phase, the volume of the gaseous 
phase is equal to volume of the reactor less 
the combined volume or the riianiutt com- 
ponent of the catalyst I which is a solid) and 
the polymer. , 

In the first of the process steps, the poly- 
merisation is effected at a hyrhogen OTtent in 
the gaseous phase ranging from 0/, to 10% 
by volume, and yields, in general, polymers 
having » reduced viscosity, expressed in dl/gm, 
within the range of from 30 ro 5 (measured in 
a 0.1%-decahydronaphthaiene solution at 
13S9Q. The amount of the polymer proportion 
prepared in this step is in the range of from 5 
to 30% by weight, calculated on the final poly- 
mer. Io the other step, the polymerization is 
effected at a hydrogen content in the gaseous 
phase ranging from 20% to 90% by volume. 
It has been established that, under these condi- 
tions, polyerhylenes or copolymers of ethylene 
and up to 10% by weight of the higher «v- 
olchns arc obtained that have a reduced vis- 
cosity, expressed in dl/gm and measured as 
above, in me range of from 4 A to I J 
Consequently according to ihc process or 



70 



75 



80 



as 



90 



95 



100 



105 



UO 



115 



120 



125 



130 



06/10 '04 16:52 FAX 02072060700 



FRANK 8.DEHN 



10023 



1,17042 



J 



the invention, i polymer having a reduced vis- 
cosity, expressed in dl/gm and measured as 
above, in the range of from 1 J to 4.6, is pre- 
pared in the presence of a polymer having a 

5 reduced viscosity, expressed in dl/gm and 
measured as above, in the range of from 5 to 
30, to yield a homogeneous polymer. The final 
polymer therefore has an exrremefy broad 
molecular weight distribution. 

10 Compared with shaped articles made from 
copolymers of ethylene and o-olefins, in which 
the hydrogen content in the gaseous phase has 
not been changed during the polymerization, 
shaped articles made nam polymers of the 

15 invention, having rhe same density and the 
same reduced viscosity, show improved sur- 
faces even with an increased throughput of the 
extruder. 

The process of the invention, moreover, pro- 
20 rides polymers in which the higher molecular 
weight polymer chains also have a higher 
degree of branding. 

Owing to their special structure (extremely 
broad molecular weight distribution and higher 
25 degree of branching of the 'high molecular 
weight proportion}, the polymers of the inven- 
tion are especially suitable for producing 
hordes, pipes* cables and sheets or Elms having 
a high stress cracking utitnnor 
30 The stress cracking resistance or dxe sus- 
ceptibility to stress a* eking may he measured 
n .rn,H,-n C to ASTMD 1693— 59T (Bell-test). 

Having a density of 0.950 gram-centimctrc"^ . 
and a reduced viscosity, measured as above, of 
35 2.7 dl/gm, shaped article* made from copoly- 
mers of ethylene and o-olcfins having a statis- 
tical incorporation of die comanomer (prepared 
by a uniform <x-olefin feed during rhe whole 
polymerization)* show values of 180 hours in 
40 the Bell-test. 

In contrast thereto, shaped articles made 
from polymers in which the o-olefin is pre - 
dirninandy incorporated into the higher 
molecular weight proportion, show values of 
45 more than 500 hours in the Bell-test, although 
their density and viscosity are the same as 
those of the aboveHnennoned products; Bell- 
test values of 180 hours have been achieved by 
shaped articles having a density of 0.956 
50 gram .centimetre - ^. Having the same stress 
cracking resistance as the above-mentioned 
articles, the shaped articles produced according 
to the invention show a higher density. In 
comparison with the copolymers of ethylene 
55 and olefins having a statistical Incorporation 
of the comooomcr, the advantages of the poly- 
mers of the invention arc an unproved stiffness, 
a higher ultimate tensile strength, a bcrter sur- 
face hardness and a higher softening point. 
60 The advantages of the process of the inven- 
tion compared with those of hitherto proposed 
two-step polymerization processes (ci. British 
Patent Specifications Nos. 978,893 and 
1,057,728) consist in carrying out the present 
65 process in an especially simple technical 



UMMtUM , When oiurnimuxri trialkyls of the 
formula AIR, in which R represents a hydro- 
carbon radical containing from 4 to 40 carbon 
atoms, or, preferably reaction products of alu- 
minium trialkyls or aluminium alkyl-hydridc* 
with diolefins containing from 4 to 20 carbon 
atoms, such as aiuxninium isoprenyl, axe used, 
high polymer yields weeding I kilogram of 
polymer per 1 millimol of titanium compound 
•re obtained with the catalyst concentration 
and under the reaction conditions mentioned 
above. The ash content is so low (0.03% by 
weight) that the polymers can be processed 
without first eliminating the catalyst. 

Therefore, the process of the invention pro- 
vides, in a technically simple manner, poly- 
mers in which four structural parameter- 
(molecular weight, molecular weight distribu- 
tion, density and distribution of the comoncv 
met) can be varied as desired so that the pro- 
perties desired for the processing or the appli- 
cation of the products can be controlled. 

A greater control of the molecular weight 
distribution is obtained if the proportion of 
hydrogen in the gaseous phase is mainta i n ed 
as constant as passible throughout the course 
of etch IB dividual step. 

The process of rhe rovenrinn can be earned 
our continuously or discontinue oily. The con- 
tinuous method is carried out in two reactors 
arranged in series, by operating in the various 
polymerization vessels according to the condi- 
tions specified for the two steps. 

The following Examples illustrate rhe pre- 
sent invention; 

In each Example, when the polymerizatioa 
had ceased, rhe polymer suspension was filtered 
under nitrogen over a pressure filter and the 
polymer was dried by passing; over it nitrogen 
heated to 120°C 

Example 1 

(a) Preparation of the titan rum catalyst : 

A four-necked flask having a capacity of 
500 m2Hxtres was filled, under exclusion of air 
and moisture, with 100 mxllilirres of an olefin - 
free diesel oil fraction boiling in the range of 
from 130°C to 170°C> and 59.4 grams (240 
millimols) of cthyuUuminium sesquichloridc. 
At 0°C and within 120 minutes, 37.6 grams 
(160 millimols) of didxlotro-titanic tad diiso- 
propyl cscer in 120 oiilblives of cydobezane 
were added thereto dropwise while stirring, A 
fine brown precipitate separated. To allow for 
an after-reaction, the batch was maintained for 
4 hours at 0°C while stirring. Subsequently, 
rhe mother Hqtior «n decanted and the 
titanium residue waa washed four times, each 
time with 200 aullilirrec of the above-mention- 
ed diesel on* fraction. 

(b) Preparation of a copolymer of ethylene 
and butene-<l) having a density of 0.957 
gram. centimetre - J (two-step polymeriza- 
tion): 

100 Litres of diesel oil boiling in the range 
of from 130°C to 170°C, were introduced into 
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* wsel having a capacity of 150 tfues, ind 
*TS ™ tLoved by flushins «.* pure 
nitrogen. The contents or the «^ «« 
heated to 85*C end saturared vnth ethylene 

<; After 50 millflirrcs of alurnmium isopyeoyl 
(prepaid according to Belgian, Pace* No. 

AS*} and 20 millimois of a uranium <sca- 
te V^*'^ 0 ** under 
hen added thereto, there nexe yitroducrd, or 

10 S^C "Sin ?0 minutes « ° f 



cfl/gm Measured as above, and a density of 

Tte^roperries of ^copolymers axe <»«- 
pared Ji* each other in Table !. 

Example 2 
Prepandon of * copolymer 
bMffle^H having a denstcy of 0.948 1 gram. 
££«r- (cno-step p«i™r»™»«J- 
100 Litres of dime! oil having a boding 
J? of ftSn 130-C to 170'C ^ 
ioto a vessel having » ap* 3 *. ? f 150 



15 



20 



euylenc, 0.1 J kilogram of bn.«^and 
an amount of hydrogen that the hydro 3 en con- 

k« in the gaseoos phase «as 2% by volume. »^» — 0? die ««! *« 

A oolymet Sample showed a reduced vwcoac/ wtrogeo. S c C ™ d injnr ri trith ethylene. 

naphthalene solunon , hol ,„. M mUliinols of a titanium <=«J 




30 



35 



naphthalene 
Ar the si 
there were 

SdrogS cTntenT uTtne i~ P** ™ ^ " flTz ^o^cTbu^^; »d such 
45 vTb? volume. During the polymnzauon t f hyAngen that me hydrogen con- 

Se^aLnunt pressure in the vessei *»■ 6 an amount * ^ ^ 

SE (me«Sd in a OJ^-djahydmnaph- 
JnaSe solution ac 135-Cj and a demty of 
0.957 gxam.cenumetrc . 

Comparison* Example i 
(single-step pol>Tncri2atioa ; 

In a comparative test, a copolymer havmg a 
denary of 0.957 gram-ctmtimemo *as pre- 
pared in a single-step polymerization b, coo- 
tinuoiisly adding butene-(l). 

To a vessel having a capacity o 150 too 
there <7«e added 100 Iterfd^od having 
a boiling range of from 130*C to 1WC, and 
the vessel vna flushed with nitrogen, i be con- 



70 



75 



80 



85 



40 



45 



50 



55 



00 



B^poWierizauoo, the manmum P««urem 
£ffiUs 6 atmospheres 

^«lf«7a density ofS.94S jranLecnu- 
" ieat ' COMPAWSON EXAMPLE 3 

, £dky of 0*948 i^f^^'-'^'S 



ST? heated ,o 85=C an- ^^SXT^^ 

^^miSSTof dominium isopjeny. by -f-Jygft SjS?i 150 tee, 
andZO mimmols of a omnium catalyst (pie- To a vessJ na njg ,^1^^, oI) bavins 



and 20 nuiumois «« » "«~r"— ; , j,_ __ oHded 100 lines of diesd ou 

Pared as disdnsed under a) in Eaample \, had from 130»C m 170»C, and 



_ WK » - 85-C and 

■SW -iSKrf alunnnimn 
aaoM mulimols of a than.um f» 1 » n ii te 

' f caleu- 

•iscosity =i " d^-S^jnoO.^ %%%£ a ^r*^^~™^«* 
decahydronaphthalene solunon ar 135-Ci end or nyorw* u ,.-j.«v. The oclr- 



of birrencKD and such an amourn^ of hydro- 
gen that the hydrogen content in the gaseous 
5hase was 35% by volume. , 

Under these condirioos, the polymcnzaDoo 
was carried out for 6 hours under a pressure of 



was carried out for 8 hours under a pr«sore« — introduced at 

6 atmospheres gauge There ^e obta^d 44 *ereu>. ^ f 

kilosrams of a copolymer having a reduced 5^™'^ ^enc uscdi and such an an 

tSct^r of 2.9 dl/grn (measured ma 0.1/- ^tedon^e^^ , . 



105 



110 



115 



a density of 0.957 gram.ccntimetrc- 

CoMyARisoNr Example 2 
(sLflglc-step polymcri2arian) 
Under the conditions disclosed m com- 
parative E«unple I. « JdW ^ e^lene 
Tverc polymerirrd with 0. 13 blogram 
butenWl (-0.33% by ^eiglu) to yield a 
polymer having a reduced viscosity of 2.9 



Serizarion was mrried out wtihin 8 hours 
SUr a pressure of 6 awio,pberes gauge. 
™ ere were obaiaed 44 kilostams of a co- 
pVlJner baling » reduced *.scos.ty of 2.S 
dlC ^measured os in Example 1; and a 
density of 0.948 sram.cennmetre . 
Example 3 
An autoclave having a capacity of 1 line 
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was charged with 0.5 Uorc hex inc. 20 cailliraols 
aluminium cri-isobucyl and 2 J millixnols of 
dbc titanium catalyse used in Example 1. Air 
was removed by flushing with nitrogen, hydro- 

g gen was added to a pressure of 4 atmospheres, 
and the autoclave was heared w 85°C. Over a 
period of 30 minutes a toral of 300 gms. 
ethylene wers added at a 100U pressure of 7 
atmospheres. AJtcr releasing the pressure and 

10 evaporating the solveoe there were obtained 
300 gms. polymer that contained the whole 
of the catalyst. 

The polymer and catalyst was added to a 
horizontal reactor, hydrogen was added to a 

15 pressure of 4 atmospheres, and the tempera- 
ture was raised to 85°C. 3.45 Kgm. ethylene 
were added, with stirring, over a period of 7 
hours at this temperature, and the pressure 
was then released. 



The reactor contained 3.75 kilograms of 20 
polyethylene which had a reduced viscosity of 
1.8 di/gm (measured in a 0.1% decahyaro- 
naphtbakne solution at 135°C). 

To the polymer in the reactor there were 
added a farther 12 kilograms ethylene <nd 25 
50 grams 1-fautene, the addition being carried 
out over a period of 15 hours ac a tempera- 
ture of 85° C The pressure was again released 
and there were obtained 5 kilograms of a co- 
polymer having a reduced viscosity of 3.0 30 
dl/gm (measured in a 0.1% decabydro naph- 
thalene solution at 135°Q and a density of 
0.949 gram centimetre^ 3 . 

The properties of the copolymers prepared 
in Ac foregoing Examples and Comparison 35 
Examples are compared in Table 1. 
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WHAT WE CXAIM IS: — 
1, A process for the preparation of a horao- 
ar co-polymer of ethylene by a gaseous phase 
polymerization, or by a suspension polymeria- 

5 don in which the dispcrsioa medium is in 
contact with a gaseous phase, of ethylene or a 
mixture comprising ethylene and up to 10% 
by weight of an or-oiehn that mnoxins from 
3 to 15 carbon atoms, which process comprises 

10 preparing from 5% to 30% by weight of 
the total polymer in the presence of from 0% 
to 10% of hydrogen, calculated on che total 
volume of the gaseous phase, and preparing 
from 70% to 95% by weight of the total 

15 polymer in the presence of from 20% to 80% 
of hydrogen, calculated on the total volume of 
the gaseous phase, both stages of me poly- 
merization being carried om at a temperature 
within the range of from 50°C to 120°C and 

20 a. pressure of op to 10 armaspheres gauge, in 
the presence of a catalyst which is present in 
the first stage in an amount sufficient for both 
stages, said catalyst comprising 

a) in the case of a suspension polymerization, 
25 from 0.05 to 0.3 millimol per lint of dis- 
persion medium, or in the case of a poly- 
merization in die gaseous phase, from 
0.05 to 0 J miDimoI per OS litre of re- 
actor volume, of a rrr*aient titanium cam- 

30 pound that contains chlorine, and 

b) from O.X to 3.0 oullimols of aluminium 
pec Irene of dispersion medium or reactor 
volume, in the form of an alumuuom tri- 
aJOkyl having the general formula AIR, in 

35 which each R represents a hydrucaiboo 

radical that contains from 4 to 40 carbon 
atoms, or in the form of the reaction 
product of an aluminium crialkyl or an 
aluminium olkyi hydride with a diotefin 
40 that contains from 4 to 20 carbon atoms. 

2. A process as daimed in claim 1, wherein 
from 5% to 30% by weight of die tocal poly- 
mer is prepared by copolymeriaing a mhenare 



of ethylene and up co 10% by weight of the 
higher o-olchn in the presence of from 0% to 45 
10% of hydrogen, calculated on the total 
volume of dbe gaseous phase, and from 70% 
to 95% by weight of the total polymer is pre- 
pared by polymerizing ethylene alone in the 
presence of ham 20% to 80% of hydrogen, 50 
calculated on the tonal volume of die gaseous 
phase, 

3. A process as daimed in claim 1, wherein 
from 5% to 30% by weight of me tood poly- 
mer is prepared by copolymcrizing a mixture 55 
of ethylene and up to 10% by weight oi the 
higher o-olefin in me presence of from 0% to 
10% of hydrogen, calculated on me rand 
volume of the gaseous phase, and from 70% 

to 95% by weight of the total polymer is pre- 60 
pared by copalymcrizing a mixture ethylene 
and the higher «H)lefin in the presence of from 
20% to 80% of hydrogen, calculated on the 
tool volume of the gaseous phase, in which 
latter mixture the proportion of the o-olcfm 65 
is less than mat in the first mixture specified 
above. 

4. A process as daimed in any one of daims 
1 to 3, wherein the porymerizarion is carried 

out at a temperature within the range of from 70 
70°C to 90"C. 

5. A process as claimed in any one of danns 

1 to 4, wherein the polymerization is carried 
out under a pressure within the range of from 

2 to 6 atmospheres gauge. 75 

6. A process as daimed in any one of daims 
1 to 5, wherein as component a) of catalyst 
there is used uranium trichloride or dtaruum 
olkoxvchloridc. 

7. A homo- or co-polymer of ethylene when- 80 
ever obtained by a process as claimed in any 

one of daims 1 to 6. 

ABEL & XMRAY, 
Chartered Patent Agents, 
Quality House, Quality Court, 
Chancery Lane, London, WC2. 
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